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1I n t r o d u c t i o n
The experience in development research of the past fifty years has demonstrated that development is possible but not inevitable. While a few countries have succeeded in rapid societal and economic growth, narrowing the gap between themselves and the more advanced countries and bringing millions of their citizens out of poverty, many more countries have actually seen the development gap grow and poverty increase. Human hardship, injustice, environmental degradation, and illiteracy are not measured when countries are benchmarked according to their Gross Domestic Product (GDP) per capita ranking. The GDP indicator does not measure the 'fitness' of a particular country or society as a whole, but rather summarizes the current state of specific activities within a society. It has little to do with measuring and explaining the advancements of human societies. The GDP indicator also has little predictive power, since it only measures present success and not the probability of increasing human welfare in the long-term, which might depend on a society's capacity to adapt to new environments (Brookfield, 2001) . Thus, measurements of human development must be rooted deeper in society and include a multiplicity of differentiating indicators.
Development research has come up with new differentiating rules to measure the states of human development. Such new rules allow for improved differentiation between countries taking into account characteristics that are idiosyncratic to specific aspects of human development. Differentiation rules that comprise a composite of indicators, each summarizing a particular aspect of human welfare, allow for a more comprehensive assessment of human development. Establishing such multiple criteria differentiation rules is intimately connected to a discussion of the ethical basis of weighting each aspect that summarizes a facet of human development relative to other aspects. Tremendous scientific, analytical, and political effort has gone into the process of constructing the Human Development Index (HDI) as a simple, comprehensive, and fair differentiation rule of human welfare.
The human development index has been rather successful in serving as an alternative measure of development that supplements GDP (Sen, 1999a) . Based on three distinct components -indicators of longevity, education, and income per head -it is not exclusively focused on economic opulence, which GDP is. Within the limits of these three components, the HDI has served to substantially broaden the empirical attention that the assessment of development processes receives. However, the HDI, which is inescapably a crude index, must not be seen as anything other than an introductory move in getting people interested in the rich collection of information that is present in many international multidisciplinary databases, many of which are geographically explicit. The HDI today is something like a flagship indicator comparing the conditio humana in all nations of the world.
As already mentioned, the HDI is a rather crude measure and is, as the inventor Mahbub-ul-Haq claims, 'of the same level of vulgarity as GDP -just one numberbut a measure that is not as blind to social aspects of human lives as GDP is". Mahbubul-Haq hoped that not only would the HDI be something of an improvement on -or at least a helpful supplement to -GDP, but also that it would serve to broaden public interest in the other variables that are at least equally important to achieve higher levels of human development. Klein (2001) sees the HDI and the other development indices that are tabulated in the United Nations Development Programme's Human Development Report as excellent information sources for further work of economists engaged in development economics. Based on its original intention, the crude index should speak loud and clear and receive intelligent attention. The HDI should serve as a vehicle through which the complex task of transforming societies along a newly adapted development strategy can occur.
In this light a correct measurement of the HDI is of great importance. The HDI has been criticized several times since it was invented and first published. From the academic literature two branches of criticism can be identified. The first addresses the choice of indicators that the Index contains. The tenor is that the HDI fails to measure the real condition of life in a country because important aspects of development are not taken into account such as, for example, the environmental situation, distribution of income, or political stability. As a consequence, the results can lead to an improper assessment of the status of development or the tendencies of development during the last few years. The recently published work of Dasgupta (2001) has added a new point of view to the critical literature. In his opinion, the consideration of what he calls 'a country's productive base' is omitted. This is a country's stock of physical and human capital as well as the natural capital of soil, forests, biodiversity, etc. Taking these parameters into account the assessment of the word development is completely different. The second branch of literature addresses methodological issues. Several alternative computation approaches have been suggested. A good overview of this literature has been given in the recent work of Neumayer (2001) . This paper is in line with the second branch. Our goal is to improve the measurement of the HDI and to make the measurement more scientific. We acknowledge and honor the effort that has been put into reducing the complexity of measuring human development by using three indicators, namely longevity, education, and income per head. This is a major achievement and will not be further scrutinized in this paper; we will, though, build on this achievement. We feel, however, the need to add some value to the measurement of the HDI by improving the computation of the index given the preselected set of indicators. The currently used algorithm for computing the HDI implicitly assumes that countries shall linearly be sorted according to their summarized performance of three indicators, each of which is assigned a fixed and predetermined weight. We argue that human development should (1) be benchmarked using a nonlinear model and empirical information of best practice countries, and (2) the indicator weights should be directly derived from the original data set itself and vary across the cross-section allowing for heterogeneity. We, therefore, propose a different method of computing the HDI using Data Envelopment Analysis (DEA), which is capable of accounting for these problems.
2D a t a
We used the same indicators as those in the World Development Report that is published annually by the United Nations Development Program (UNDP), which are used to compute the Human Development Index (HDI). The four indices that are summarized in the HDI can be derived from the following three categories: longevity, knowledge, and decent standard of living. Longevity is measured in years by life expectancy at birth ranging from 25 to 85 years. For measuring knowledge, two variables have been chosen, namely adult literacy and the combined gross primary, secondary, and tertiary enrolment ratio. Adult literacy is defined as the number of people who can read and write in relation to the whole population of each country. The combined gross enrollment ratio is defined by the following formula:
combined gross enrollment ratio = gross enrollment ratio primary education * 7/17 + gross enrollment ratio secondary education * 5/17 + gross enrollment ratio tertiary education * 5/17.
Both variables of knowledge are measured in percent. The real GDP per capita serves as the standard of living measure. It is given in US Dollar purchasing power parity, ranging from USD 100 to USD 40,000. Table 1 : summarizes the statistics of the variables used. A complete listing of the data can be found in the Appendix. 
The construction of the income index is slightly more complex. Income is treated by using the following formula:
income minimum log( income maximum log income minimum log income actual log index Income − − = .
Aggregation
The aggregation is done by the following process:
In the first step, the adult literacy index and the combined cross enrolment index is aggregated to the education attainment index.
Education attainment index = 2/3 * Adult literacy index + 1/3 * combined cross enrolment index.
In the second step, a simple average of the life expectancy index, the educational attainment index, and the adjusted real GDP per capita (PPP$) index is computed. The sum of three indices is divided by 3.
With the normalization of the values of the variables that make up the HDI, its value ranges from 0 to 1. The HDI value of a country shows the distance that it has already moved towards the maximum possible value of 1 and also allows comparisons with other countries. The difference between the value achieved by a country and the maximum possible value shows the country's shortfall and indicates how far the country has to go.
Data Envelopment Analysis (DEA)

Standard model
The basic problems when expressing the economic performance in one single indicator are first, to aggregate a number of non-commensurate performance indicators (such as level of national income per capita, life expectancy, etc.) to one single performance measure. And second, to establish a benchmark that can be used for comparing the performance of the countries in the sample.
In most studies, a weighted sum is calculated to aggregate the individual indicators. A good example is the HDI described above. The weights are chosen by the researcher and reflect his preferences. The results of this calculation are influenced by these weights. The assessed countries are ranked with respect to their performance scores. An alternative, suggested by Lovell and Pastor (1994) and Lovell (1995) , is the DEA, which is a non-parametric approach that uses a linear programming technique. The DEA defines the best practice frontier that serves as a benchmark and minimizes the relative distance to this benchmark. This distance is interpreted as the economic performance of the countries in the sample. It is equivalent to the weighted sum. The weights are calculated by the DEA within the optimization process. Farrell (1957) introduced the concept of the best practice frontier, which delineates the technological limits of what a country can achieve with a given level of resources. The solid line in Figure 1 : shows the best practice frontier computed by DEA in a situation in which two indicators are combined into one single performance index. Each dot in the diagram (A to D) stands for the performance of a country in the sample. The DEA constructs an envelope for the observed indicator combinations of all countries in the sample under the constraint that all well-performing countries support the envelope. The frontier is called best practice frontier and allows us to classify countries into wellperforming units if they are at the frontier and into worse performing units if they lie below. A worse performing country could either augment the indicator number one or number two, or even both. The indicator of performance is then given by the relative distance between the actual observed performance and the nearest benchmark.
In Figure 1 , three countries (A, B, and C) support the DEA -best practice frontier and are classified as best performing. Country D lies below the best practice frontier and is identified as worse performing. As a performance indicator we used the radial distance measure developed by Farrell (1957) . It is defined as the ratio of the distance between the origin and the projected point of the examined country at the frontier divided by the distance between the origin and the actual observed point. For example, the performance of country D is 0D T /0D. The performance score for the best performing countries is 1 and for the worse performing countries it is larger than 1.
The case shown in Figure 1 is the aggregation of two indicators with the aid of an index-maximizing DEA. An index-maximizing DEA seeks to compute economic performance as a proportional augmentation in all indicators. 2 The index-maximizing approach is applied if the scores of all indicators are preferred to be as high as possible (e.g., GDP, literacy rate, etc.). 3 Figure 1: Determining the best performing countries with normal DEA.
2 Another term in literature for this kind of DEA is "output-oriented DEA" (see Coelli et al., 1998: 137) . 3 A different way to aggregate indicators is to apply an index-minimizing DEA. This approach is adopted if the scores are preferred to be as low as possible (interest rate, inflation, etc.). In literature, this kind of DEA is usually termed as "input-oriented DEA" (see Coelli et al., 1998: 137) . This procedure computes the performance score Ζ o of a single country that is equal to the weighted sum of the four indicators and must be repeated for each country in the sample. Because we combine the four indicators of the HDI, the resource side consists of the unity vector. The model computes the weights so that the country under instigation is ranked as best as possible. Every weight of individual indicators can lie between 0 and 1 and the sum of all weights must be equal to 1. The weights can differ from country to country in contrast to the standard definition of the HDI, where the weightsareequalforallcountries.
Figure 1 also shows one particular weakness of the DEA. This model has the characteristic to diagnose any country supporting the frontier to be equally well performing even if it is superior with respect to one indicator but performs poorly with respect to all the others (e.g., C). This weakness is the well-known boundary problem. For such a country, the DEA computes a high weight to the indicator where the country is superior and a low weight to all the other indicators. In an extreme case, the DEA selects a weight of one for that indicator and a weight of zero to the others. Only this indicator is taken into account for computing the performance index. This characteristic makes the results of the basic model implausible.
In order to differentiate between different benchmark countries, a ranking procedure could be used, for example, the extended DEA model developed by Andersen and Petersen (1993) . Using this technique would not fundamentally improve the results because the main characteristics of the model would not change. Therefore, the flexibility in the selection of weights must be limited to solve the boundary-problem. This is done by applying a DEA model with weight restrictions.
Model with Weight Restrictions
The type of restriction we used is termed in the literature as "Type I Assurance Regions". 
4R e s u l t s 4.1 Introductory Remarks
Basically, in order to measure the performance of countries, we used different indicators divided into the following three categories: longevity, knowledge, and decent standard of living. Applying the basic DEA model developed by Charnes et al. (1978) and one DEA model with weight restrictions developed by Allen et al. (1997) , we computed two performance indices for each country in the sample. Both DEA models are indexmaximizing models.
The scores of both DEA-models are, per definition, 1 or larger and a value of 1 is assigned to the best performing country. By transforming the scores of the DEA to the domain between zero and one, we make the DEA scores comparable to the values of the HDI. The transformation is done by inverting the DEA scores. 7 The values of the transformed indicators lie between 0 and 1, as in the values of the HDI. The domain of the HDI, as published in the Human Development Report, is between 0 and 1, but even the best performing country does not achieve the highest possible value. To ensure comparability with the DEA values we normalized the HDI. To the highest developed country a value of 1 is assigned and to all relatively less developed countries a value of less than 1.
All three indices are interpreted in the same way. The values of both indices show the distance that a country has already moved towards the maximum possible value of 1 and allows comparisons with other countries. The difference between the value achieved by a country and the maximum possible value of 1 shows the country's shortfall and indicates how far the country has to go. Table 2 shows the transformed HDI scores and the ranks of the top ten countries. The highest developed country is Canada followed by France, Norway, and the USA. Norway and the USA are equally ranked as well as Iceland and France. This shows that the HDI does not discriminate completely and thus some countries are ranked equally.
Human Development Index (HDI)
The weights are determined externally by the designer of the index and are equal for all countries. Therefore, the construction of the index is inflexible because it does not take into account the particular situation of the country shown by the figures. 
Basic DEA Model
By using DEA we compute endogenous weights and, in this way, we make the HDI more scientific and overcome the inflexibility of the original design. The DEA approach is more flexible because it computes weights, which depend on the data. Table 3 reports the development score computed by a basic DEA model of a collection of countries. All of the countries listed are ranked first. 8 One of the main characteristics of the DEA is that it chooses the weights so that each country has the highest possible development score. This is the reason why the DEA computes, for countries that have the highest values of 99 percent in the adult literacy and only relatively poor values in the other indicators, a weight of one for this indicator and a weight of zero for all the others. 9 This means that the DEA only takes into account the adult literacy for these countries. It turns out that for most of the countries ranked at the top, the adult literacy rate is 99 percent. From a total of 174 countries, 32 are ranked at the top, 27 of which the DEA has computed a weight of 1 for adult literacy. 
DEA with Weight Restrictions
To improve the discriminating power of the DEA and obtain a realistic and plausible ranking, we impose restrictions on the DEA weight. The relative weight of indicator i to the weight of indicator j is restricted to between 0.01 and 100. In this way, we solve the problem of zero weights completely. None of the indicators are excluded from the analysis and almost none of the countries are ranked equally.
As can be seen from Table 4 , no country, among the top 10, is equally ranked with another. The ranking is therefore unambiguous for most countries. Luxembourg is the most developed country followed by Brunei Darussalam and the USA. The following positions are occupied by Switzerland, Canada, and Norway. This ranking is quite plausible. 10 We have also tried wider and narrower intervals between lower and upper bounds (0.1 and 10 as well as 0.001 and 1000). We found that the wider the interval the similar are the results with the outcomes of the basic DEA-model and so the problems of basic DEA model appears again. The narrower the interval the less the room for maneuver for the DEA-procedure to select weights and thus the more the weights are predetermined by the researcher. As a consequence of using wider intervals more then one country is ranked on the same position. With the lower bound of 0.01 and the upper bound of 100 we steered a middle course between too strong predetermination and too large flexibility for the DEA. 
Comparison of Both DEA Indices with the HDI
In this section we compare the results of the original HDI with that of the two DEA models. First, we compare the results of the HDI with the results of the basic DEA model and the DEA model with the weight restrictions by considering descriptive statistics and the histograms. Then we show the similarities and differences with the aid of correlation coefficients. Finally, we work out the similarities and differences by considering the rankings in detail.
The comparison of the values computed by the basic DEA model with the HDI values reveals that the mean of the DEA scores is clearly higher than the values of the HDI. On average, the scores of the DEA model with weight restrictions are the smallest (Table  5 ). The variation of the scores from the basic DEA model measured by the standard deviation is lower than that of the HDI, whereas the variation of the scores from the DEA with weight restrictions lies in-between. The difference between the highest and the lowest score is the smallest for the basic DEA scores and the highest for scores computed by the DEA with weight restrictions. With respect to the basic DEA index, the countries are nearest to the benchmark country on average. The HDI is also distributed unequally but to a lesser extent. It has its frequency maximum in the class between 0.91 and 1, however the distribution appears much flatter. Around 26 percent of the scores lie within this class. The rest of the scores are fairly well distributed to the other classes. The variation of the HDI values is higher than the DEA values. According to the HDI fewer countries lie within the upper two classes with values equal to or higher than 0.81, than according to the basic DEA model.
In contrast to the distributions of the HDI and the basic DEA the scores of the DEA with weight restrictions appears to be almost symmetrical and resembles the shape of the normal distribution. It has its maximum frequency in the class from 0.41 to 0.50. Twenty-nine percent of the development scores (of 50 countries) are in this class. Almost the same number of countries has scores above or below this class. Only nine countries or two percent have scores above 0.81. The upper part of Table 6 shows the correlation of the index values computed by the HDI and the two DEA models with each other and with the four indicators (life expectancy, adult literacy, enrolment ratio, and GDP per capita), whereas the lower part presents the correlation of the rankings of the three indices with each other and with the ranking of the four indicators. The correlation coefficients of the rankings are quite similar to the correlation coefficients of the values. The only remarkable difference is that the rankings of the HDI are more strongly connected to GDP per capita than to life expectancy. Apart from this difference, the picture is the same as before. The rankings of the scores from the basic DEA model are strongly related to those of adult literacy, and the rankings from the DEA with weight restrictions are strongly correlated with that of GDP per capita. The rankings from the DEA model with weight restriction are strongly correlated to those of the HDI.
Resulting from the fact that the HDI scores are strongly correlated with those of the DEA with weight restrictions as well as the rankings of these models are strongly related together, we conclude that the design of the HDI is quite good. It provides a realistic and plausible picture of the real status of developments and the weights fit quite well to the data. Table 7 provides deeper insight into the differences between the three indices and shows the top and bottom five countries of the three rankings. It turns out that all of the top five countries of the HDI ranking and all top five countries of the ranking based on DEA with weight restrictions are also ranked in the first position according to the basic DEA. A total of 32 countries are ranked at the top by the basic DEA model. These facts show that the discriminating power of the basic DEA model is unsatisfactory. The comparison of the ranking according to the HDI with the DEA with weight restrictions shows that two countries (Canada and the USA) are within the top five of both rankings and, thus, these countries are within the top five in all three rankings. The other three countries of the top five are different. Further similarities between the HDI and the ranking of the DEA model with weight restrictions can be found if we consider the bottom five countries. Four of the five countries are included in this group with respect to both techniques but in a slightly different order. The bottom five of the ranking, based on the basic DEA, includes completely different countries (with the exception of Sierra Leone). This is a further sign that the basic DEA does not improve the HDI computation. If we consider the complete ranking, we conclude that the distinction between the rankings of the basic DEA model and the HDI is bigger than that of the DEA with weight restrictions and the HDI. The mean differences as well as the largest positive and negative differences between the HDI and the basic DEA are bigger than between the HDI and the DEA with weight restrictions.
The reason for the differences between the rankings lies in the weights used in the aggregation of the four variables. In the HDI the designer of the index predetermines the weights, whereas in DEA the linear program selects the weights. So, they are a result of an optimization process. These DEA weights may be objectively correct, whereas the weights of the HDI could be wrong and lead to distortion of the ranking and of the conclusions.
Discussion of the Difference Between the HDI and DEA Measurements
Despite the strong correlation between the HDI and the measure of the DEA with weight restrictions of human development (correlation of values is at least 0.89 and rank correlation is at least 0.83), there are also some notable differences between the two measurements. In particular, the upper part of the ranking order changed considerably. This is striking taking into account that differing combinations of the same set of three indicators can entirely explain the difference between the two measurements. We can, thus, conclude that the choice of algorithm used to compute the compound index significantly affects the country ranking. Our results show that there are two main reasons for these differences:
(1) Linearity of the benchmark; and (2) Subjectivity of weights attached to each indicator of the compound index.
The HDI is an index that is comprised of linear combinations of individual indicators. Changes in indicators are always linear and change the compound index according to their respective weight. Contrarily, DEA is a non-linear model as a number of best performing countries form the efficient frontier. The benchmark frontier is a piece-wise linear approximation of a non-linear best practice 'technology' (see Figure 1 ) and is constructed in such a way that it envelopes the observations of the input-output relation as tight as possible. This property in part explains why the development gap between OECD countries and developing countries is smaller than measured by the HDI. Likewise, the standard deviations are much smaller in the DEA estimation compared to the HDI measurement.
More important, however, is the assumption made by the HDI that a more or less impartial analyst or group of analysts are capable of determining the weights of the individual indicators entering the index. This is a strong assumption and biases with respect to this arbitrariness should be eliminated as much as possible since such weights can be politically rather sensitive and are prone to intentional manipulations. In DEA the algorithm 'endogenously' determines the weights. In the optimization procedure, shadow values (prices) are calculated based on the structure of the data. In this way, the assumption that optimization (maximization of the total output-input ratio) is appropriate to analyze the data set at hand substitutes subjective judgment. DEA weights are constructed so that they not only account for indicator weights that are free of judgment, but also account for cross-sectional heterogeneity. While judgment on weighting the various indicators entering the compound index always involves unsolvable discussions on ethical issues, ignorance of the cross-sectional heterogeneity and non-linearity in the benchmarks would lead to a situation where apples are compared to pears. Furthermore, it can be expected that with an increasing number of indicators for the construction of more comprehensive indices the differences between the two approaches will increase. Since there is a tendency that indices are becoming increasingly more comprehensive, the problems discussed above will become increasingly prevalent.
It can be concluded that the algorithm chosen to compute the HDI depends on the decision whether the HDI should reflect a country's distance to some theoretical benchmark of best practice or should be more data driven and the distance measurement should be endogenously determined. In the latter case, the empirical data in the form of a collection of all the countries determine best practice. The distance measurement between best practice countries and less benchmark countries is determined based on endogenous weights reflecting the structure of the data. These weights are allowed to vary across the cross-section taking into account the heterogeneity of country clusters of different states of development.
Conclusion
The measurement and analysis of development by multiple criteria has the potential to reformulate development policies. Development policies improve from the analysis of less successful countries and examples of best or better practice. The correct measurement of development, as illustrated by the HDI in this paper, is therefore of great importance. A broader view of development is based on the multiplicity of differentiation rules. First, it provides a more thorough basis for evaluating the state of the conditio humana. Employing more comprehensive measurements enhances the intrinsic relevance of lives and puts less emphasis on measurements of financial opulence (World Bank, 1996) .
Second, a more comprehensive measurement of development implicitly leads to broader goals and policies being targeted. Broader goals make policies more consistent, complete, and comprehensive (Stiglitz, 1998a, b) . Broader goals are necessary in a world where building blocks of the system are interconnected, for example, changes in education contribute to enhancing freedom, technology, conscious consumer behavior, to name just a few. By focusing on the interconnection and simultaneity, it takes us well beyond the narrow perspective of seeing each indicator in isolation. We live in a world of many institutions involving economic and political markets and by using broader strategies we have to determine how they can supplement and strengthen each other, rather than reduce their effectiveness (North, 2001 ). Sen (1999b) sees the supportive role of the state as central in enhancing the effective freedom of individuals, for example, in providing public education, health care, social safety nets, good macroeconomic policies and in safeguarding industrial competition and epidemiological and ecological sustainability.
In this paper we aimed at a dual goal. First, strengthening the discussion of multiple differentiation rules measuring human development thereby acknowledging the need for more consistent and comprehensive policies of human development. And second, we propose an alternative algorithm for a more correct computation of the HDI. In applying DEA to the indicators that enter the HDI, the actual measurement of human development becomes scientifically more sound. 
